Many drugs, chemicals substances and agents are potentially toxic to the human auditory system. The extent of toxicity depends on numerous factors. With few exceptions, toxicity in the auditory system affects various organs or cells within the cochlea or vestibular system, with brain stem and other central nervous system involvement reported with some chemicals and agents. This ototoxicity usually presents as a decrease in auditory sensitivity, tinnitus and/or vertigo or loss of balance. Classical and newer audiological techniques used in clinical assessment are beneficial in specifying the site of lesion in the cochlea, although auditory test results, themselves, give little information regarding possible pathology or etiology within the cochlea. Typically, ototoxicity results in high frequency hearing loss, progressive as a function of frequency, usually accompanied by tinnitus and occasionally by vertigo or loss of balance. Auditory testing protocols are necessary to document this loss in auditory function.
Introduction
Clinical assessment of auditory dysfunction is a broad topic, potentially covering many different methods of assessment and many types of auditory dysfunction. It is well known that auditory dysfunction can be caused by literally hundreds of different problems or pathologies. Auditory dysfunction can occur as a result of peripheral or central pathologies, or it can occur as a local manifestation of some systemic disease. Auditory dysfunction can be caused by extrinsic factors (infections, drugs, trauma, tumors, neurologic diseases, metabolic diseases) or intrinsic factors (genetic, etc.). Auditory dysfunction may be congenital or acquired. If congenital, it may be genetic, with hearing loss occurring alone as in the case of Mondini's aplasia, occurring in the form of a syndrome with other abnormalities such as Usher's syndrome, or may occur as a chromosomal abnormality. It may also be congenital but nongenetic, with hearing loss occurring alone in the case of many ototoxic agents, *Hearing and Speech Center, North Carolina Memorial Hospital, Chapel Hill, North Carolina 27514. April 1982 or, occurring with a host of other abnormalities as in the case of maternal rubella, anoxia, bacterial infections and metabolic disorders. As indicated, auditory dysfunction may also be acquired, either genetic or nongenetic. If genetic, hearing loss may occur alone as in the case of familial progressive sensorineural deafness or in conjunction with other abnormalities as in the case of Alport's syndrome. If nongenetic, hearing loss may occur as a result of numerous pathologies, including inflammatory diseases, ototoxicity, neoplastic disorders, traumatic injury, metabolic disorders, vascular insufficiency, or central nervous system diseases such as multiple sclerosis.
It should be obvious from this short description that the exact cause of a specific auditory dysfunction is frequently impossible to determine. It is also of interest to note that toxic agents may cause congenital or acquired auditory dysfunction. Since this conference is concerned with target organ toxicity-in the present case, specifically the auditory system-the remainder of this paper will deal especially with this topic. It without difficulty, usually 40 dB SL, and the patient's ability to discriminate is measured. The speech materials generally used are short, single syllable, phonetically balanced words.
Alternate Binaural Loudness Balance (ABLB) ABLB measures the presence or absence of loudness recruitment by having the subject balance the loudness of a standard tone in one ear with an alternating tone in the pathologic ear. The presence of loudness recruitment is measured by the growth ofloudness in the pathologic ear. One contraindication of this test is that it cannot be used in bilaterally symmetrical hearing loss.
Short Increment Sensitivity Index (SISI)
The SISI test measures the ability of a subject to detect a 1 dB change in intensity at a level 20 dB above threshold. This test can be used at any frequency in either ear, regardless of the asymmetry of the hearing loss. A positive SISI score (i.e., above 60%) is an indication of cochlear pathology. Several modifications have been made to the classic SISI procedure (9) .
Tone Decay (TD)
Tone decay measures the fatigue or adaptation of the auditory system to a constant stimuli. Tone decay is measured as the decay in decibels from threshold over a one minute period. A positive tone decay (i.e., greater than 25 dB) is an indication of N VIIIth disorder. Modifications to this original technique have been reported in the literature (10) (11) (12) .
Bekesy Tracings
The Bekesy tracings indicate threshold sensitivity measured on an automatic audiometer when the tones are pulsed and when they are continuous. Theoretically, the pathologic auditory system should show more adaptation to a continuous tone than to a pulsed tone. Particular patterns of tracings have been identified with cochlear pathology and with retrocochlear pathology. The automatic Bekesy audiometer is essentially under the control of the subject. The subject is instructed to press a button when he hears a tone and release the button when the tone disappears. In this way, the patient automatically traces his threshold for pulsed and continuous tones. Thus, the audiometer can be used in several different ways. 69 Sweep Frequency. The audiometer automatically sweeps through frequencies from 100 Hz to 10,000 Hz, with the subject controlling the intensity. Pulse tones are used first, then continuous tones are plotted on the same audiogram, showing the amount of adaptation between pulsed and continuous tones (13) .
Fixed Frequency. The audiometer can be set for one particular frequency and threshold for pulsed and continuous tones are plotted as a function of time. The purpose is to look at the amount of adaptation occurring at one particular frequency (13) .
Backward Sweep. The audiometer can also be swept from 10,000 Hz to 100 Hz, showing whether the adaptation is a function of time or frequency (14) .
Most Comfortable Loudness. The subject is instructed to keep the tone at his most comfortable loudness, which makes this a suprathreshold test. This modification is based on the concept that abnormal adaptation first appears only at high intensities and eventually appears at lower levels, until it finally appears at threshold. Abnormal decay of a continuous tone at suprathreshold levels is an indication of N VIIIth pathology (12) .
Impedance
The study of impedance in the auditory system involves an analysis of the acceptance or rejection by this system of the flow of energy per unit of time. In other words, how much is the flow of energy impeded by this particular system? A system with high impedance rejects or reflects the majority of energy, while a system with low impedance accepts or absorbs most of the energy and reflects less. Normally, there are three components which combine to determine the impedance of a particular system: resistance, stiffness, and inertia or mass. In order to accomplish this clinically, a probe is placed in the external canal and sealed. The probe emits a low frequency tone (220 Hz), and a microphone in the probe measures the reflected sound from the tympanic membrane. The amount of sound reflected gives an indication of the integrity of the external and middle ears. Normally, four measures may be made-static compliance, tympanometry, acoustic reflex threshold and acoustic reflex decay.
Static Compliance. Static compliance of the middle ear is a measure of mobility. Mass (inertia), resistance (friction) and stiffness (or its reciprocal compliance) work together in a complex manner to facilitate, or impede, motion of the middle ear system, as measured at the tympanic membrane (MT).
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Historically, static compliance has been termed acoustic impedance or absolute impedance, although the term compliance is a more descriptive term of what is actually measured. Static compliance denotes a single number representing the mobility of the middle ear system. Tympanometry is also a measure of compliance; however, this measure is made over numerous values as the MT moves in response to changes in air pressure and, thus, is a measure of dynamic compliance.
Static compliance of the middle ear system is measured by quantifying the sound energy reflected from the MT. When the middle ear system is stiff, more energy is reflected rather than absorbed or transmitted through the middle ear. Therefore, a stiff middle ear system is said to have low compliance or high resistance. A flaccid middle ear mechanism absorbs more energy and reflects less. Therefore, this system has high compliance or low resistance.
Static compliance can be measured in terms of equivalent volume of air in cubic centimeters or in acoustic ohms. This test requires two measurements: one measurement made with the MT in a position of low compliance by exerting an air pressure of + 200 mm of water in the external ear relative to the middle ear; the second measurement is made with the MT in a position of maximum compliance (normally at 0 mm of water). Neither of these two measures has any significance when taken alone. However, by subtracting one measure from the other, the external ear canal volume is effectively cancelled, thus allowing a measurement value of the middle ear mechanism. The compliance of the normal middle ear system is influenced by many variables, including age and sex. 
PI-PB Function
The PI-PB (performance versus intensity for phonetically balanced words) function test, a special use of speech discrimination, simply refers to the discrimination test given at several different intensities. In the case of cochlear pathology, the function should reach a plateau with increased intensity and remain there, while in VIIlth nerve pathology, the discrimination score becomes worse at high intensities (17) .
Central Auditory Dysfunction
Tests for central auditory dysfunction will not be discussed in this presentation. The reader is referred to several excellent texts describing these tests (18, 19 (31, 32) .
The latencies of the various waves of the brain stem evoked response are extremely stable from test to test in the same subject and between subjects. In fact, the standard deviations around these mean latencies range from 0.1 to 0.3 msec (33, 34) . In addition, the latency changes in a predictable manner as the intensity of the stimulus is increased or decreased. This latency versus intensity relationship makes the BSER a valuable tool in assessing hearing function of difficult to test subjects. For example, the mean latency of the V wave in normal hearing subjects at 70 dB above threshold is approximately 5.5 msec. As intensity is decreased to 10 dB above threshold, the latency increases to approximately 8.0 msec (35) . Therefore, a measure of the latency of the V wave in a difficult to test subject would give some estimate of the subject's threshold for that particular stimulus. In addition, the latency of the various waves of the BSER, particularly the V wave, have been shown to exhibit recruitment (35) the gain of the amplification system by measuring the latency of the V wave with and without amplification.
Another important aspect of the BSER is the neural transmission time. This is a measure of the latency between the I wave (i.e., primary auditory nerve) and the other waves, giving a measure of the travel time in the auditory brain stem system. This measure has proved valuable in assessing the site of pathologies in the brain stem, such as acoustic tumors, multiple sclerosis and brain stem vascular and neoplastic lesions. In very young children, this transmission time is also delayed, probably due to incomplete maturation or myelination of the central auditory pathways. This latency reaches normal adult values, however, around one year of age. Increased neural transmission time in older children or adults with normal latencies for the I wave may be an indication of lack of maturation, demyelinating pathologies or the presence of space occupying lesions, etc.
Another potentially important addition to the auditory test battery for clinical assessment is the use of high frequency audiometry. This measurement of auditory function in the frequencies from 8000 Hz to 20,000 Hz has potential significance to both clinical and research testing. Changes in high frequency auditory thresholds have been described as an early indication of ototoxic effects of certain drugs and noise exposure (36) (37) (38) . This procedure has been used by several investigators; however, it is not yet completely accepted as a clinical measure because of difficulties in instrumentation (39) (40) (41) . This procedure, with adequate and stable instrumentation, could serve as a valuable function in detecting early auditory dysfunction.
Clinical Assessment
As previously stated, clinical assessment of auditory dysfunction usually includes a progressive battery of tests designed to indicate site-of-lesion. The first order of priority is to determine the amount of auditory dysfunction, if any, and the extent of this dysfunction. This is normally accomplished with pure tone thresholds for various frequencies, speech reception thresholds, and speech discrimination scores. Assuming an auditory dysfunction is present, the second order of priority is to determine if this dysfunction is conductive, sensorineural, mixed or central. A mixed-type hearing loss has components of both conductive and sensorineural origin, since these types of hearing losses are not mutually exclusive. This is normally accomplished with pure tone bone conduction thresholds and the impedance test battery. For a conductive hearing impairment, Environmental Health Perspectives pure tone bone conduction thresholds should be normal or near normal in the presence of abnormal pure tone air conduction thresholds. Speech reception thresholds should agree within + 10 dB of average air conduction thresholds at 500, 1000 and 2000 Hz, and speech discrimination should be normal (90-100% (42) . If the reflex is present in cochlear hearing loss, it will normally show no significant decay. Retrocochlear lesions, on the other hand, will frequently present with an absence of reflex, even in the presence of sufficient hearing to April 1982 elicit this reflex. If the reflex is present in retrocochlear lesions, it usually decays abnormally.
The use of the classic diagnostic test battery is also helpful in distinguishing between cochlear and retrocochlear lesions. Usually the tests which indicate an abnormal sensitivity to changes in loudness (ABLB, SISI, and to some extent the Bekesy) will show abnormal results in cochlear lesions. The ABLB will normally show the presence of loudness recruitment in the affected ear and the SISI will show a high percentage ofsmall intensity increments detected (greater than 60%). In classical retrocochlear lesions, these tests are usually normal, since abnormal sensitivity to loudness changes is associated with cochlear pathology. Tests which show abnormal adaptation, such as the tone decay and to some extent the Bekesy, will show no abnormal tone decay (less than 25 dB) and a Type II Bekesy tracing. Retro The third major point in clinical assessment of auditory dysfunction, particularly in the case of ototoxicity, is the development of adequate testing protocols. Toxic effects on the human auditory system are quite variable and the presence and extent of damage depends on many parameters. Toxic effects may occur immediately, as in the case of many diuretics, occur within days, with various drugs and chemicals, or occur over years, in the case of heavy metal toxicity and noise exposure. In addition, decrease in auditory function may continue for months after the toxic substance has been removed. Therefore, hearing assessment to detect changes in auditory sensitivity should be on a regular basis, depending on the substance or agent involved. In the case of aminoglycosides, diuretics, certain other antibiotics, and antineoplastics, testing should probably occur on a weekly basis while the subject is on the drug and monthly, up to six months, after cessation of the drug. In the case of analgesics and antipyretics, monthly to quarterly testing is probably adequate. Exposure to noise or heavy metal toxicity may require annual testing, although testing for heavy metal toxicity may depend on the blood levels of the heavy metal. It is also obvious that pre-exposure assessment would be ideal, to separate changes in auditory function attribEnvironmental Health Perspectives uted to the ototoxic agent from pre-existing auditory dysfunction and to serve as a baseline for comparison of changes in auditory function. However, in many cases of life-threatening illness or infection, documented decreases in auditory function resulting from the therapy may be purely academic.
